ABSTRACT: The marine flora of the transition region between the warm temperate south coast .and sub-tropical east coast of southern Africa is very poorly documented. The seaweeds of Hluleka Nature Reserve, centrally placed along this transition, are described. 178 species (120 rhodophytes, 33 chlorophytes and 25 phaeophytes) are recorded, including 28 new records for the region, and a new combination, Tiffaniefla schrnitziana (Barton) nov. comb. A biogeographical analysis of those species whose distribution is sufficiently known reveals that 65 % are warm water species, also occurring in tropical seas. Hluleka is thus towards the warmer end of the transition, and the major discontinuity is sharply defined, occurring in the ca 130 km of coastline between Hluleka and the mouth of the Kei River. It is probable that a rapid temperature gradient along this stretch of coast (change of 2 ~ in annual mean) is responsible for the discontinuity.
INTRODUCTION
The study of the biogeographical distribution of marine organisms around the coasts of southern Africa was pioneered by Stephenson {1939, 1944 . In his ecological survey of intertidal communities, this author concluded that three distinctive provinces could be delineated, which he described as a cold temperate west coast, warm temperate south coast, and sub-tropical east-coast. These provinces have been accepted in the intervening period {e.g. Brown & Jarman, 1978} . However, a re-assessment of the seaweed flora of the west coast (Bolton, 1986} concludes that it is better described as warm temperate, still distinct from the south coast flora, and with a sharp discontinuity in distribution patterns, related to temperature regimes, in the vicinity of Cape Agulhas {for locations cited see Fig. 1 ). The warm temperate south coast province was considered by Stephenson to be separated from the sub-tropical marine biota of Natal by a transitional region between Cape Padrone and Port Edward (Stephenson, 1948, p. 229} . His studies on this section of coast include collections of 50-60 seaweed species in each of the 7 sites documented. The seaweed flora of this region remains httle known; as Hommersand {1986) writes "the boundary between the flora of the East Cape and Natal is sharpened by our comparative ignorance of the algae of the 'wild coast' of Transkei. Many species of both provinces probably overlap in this region." This study describes the seaweeds of the 9 Biologische Anstalt Helgoland, Hamburg region around Hluleka Nature Reserve, Transkei, centrally placed in Stephenson's warm temperate/sub-tropical transition region. The relatively rich flora of this area (178 species} is analysed into its biogeographical components to further our understanding of this transition.
COLLECTION SITES AND METHODS
Hluleka is situated approximately 31040 , S, 29o26 , E (see Fig. 1 ). The central part of the investigated area is inside the Hluleka Nature Reserve and presents a relatively undisturbed stretch of coast: outside the Reserve the influence of man is readily recognizable, for instance in the harvesting of oysters from the intertidal, although this does not seem to harm the algal vegetation in the sublittoral fringe and in the intertidal rockpools. (For further information concerning human impact on intertidal animal communities on Transkeian shores, see Hockey & Bosman, 1986) .
The rocky coasts, if undisturbed, show a zonation pattern generally concurring with / HLULEKA .~ ESTUARY NATURE ~ the "east coast type" (cf. Branch & Branch, 1981, p. 27) and cut off by a dam a few hundred metres inland, so as to create a permanent freshwater reservoir inside the Nature Reserve. On the seaward side of the dam is a small body of brackish water, cut off from the sea by a sandbar, which is replenished with seawater only at spring high tide. The latter had no significant growth of macroalgae. Mnenu estuary is much larger than Hluleka estuary, but again isolated by a sandbar, and in the dry season reached by the sea only during spring highs. A few species of macroalgae were attached, mainly on overhanging branches. Collections were made at the following sites: (A) Presley Bay, 27 June 1983: sublittoral fringe and intertidal, including rockpools; wave exposed coast. (B} Mtakatye estuary. 30 June 1983: about 1 km inland: mainly the epiphytes on mangrove pneumatophores were collected. (C} Hluleka Nature Reserve, 24 June 1983 , 25 June 1983 , 26 June 1983 , 1 Juli 1983 , 2 Juli 1983 and 5 Juli 1983 : rocky outcrops, most of them wave exposed: collections were made in the sublittoral fringe and upward including numerous rockpools; one sublittoral sample was made using snorkel in Hluleka Bay. {D) Mnenu estuary mouth, 29 June 1983, 3 Juli 1983; wave exposed rocks on the east side; a complete collection was not made at this site. (E) Mnenu estuary, 29 June 1983: loose algae on sand and attached to overhanging branches on south side of lagoon. Plants were preserved in 5 % formalin in seawater, and after identification mounted on herbarium sheets. Many of the smaller species, including many epiphytes, were preserved in the form of permanent slides. Material is presently stored in the Bolus Herbarium of the University of Cape Town (BOL). There is no general flora covering the seaweeds of this coast. Larger algae could generally be identified using Simons (1976};  more or less monographical studies exist for a few genera and families, e.g. Codium (Silva, 1959} and Cerarnium (Simons, 1966) ; the Acrochaetiaceae from this expedition were treated earlier (Stegenga, 1985} A, C U1va sp.: Plants small. Thallus ca 85 ~m thick, cells 13-25 ~m in diameter, i-1.5 C (Fig. 3f, g ): This species is often found on coralline algae, especially Amphiroa spp. It has a typical growth form deviating somewhat from the original description (Kylin, 1938) . Usually plants have no truly erect parts; the main axis is prostrate, attached by pairs of digitate haptera from every third segment; the determinate laterals, usually two per segment, are appressed against the substrate. Female reproductive plants seem to be more in accordance with the original description (see Fig. 3g ). (Wynne, 1984) is often abundant on AmpIn'roa spp. In addition to Wynne's description of juvenile female reproductive structures we can now give data on the other reproductive organs. Male stichidia are formed on a number of subapical segments (Fig. 4b) . Tetrasporangia occur in a maximum number of 4 per determinate lateral, in segment numbers 3-5 (-6) (Fig. 4c) ; they are up to 75 ~m in diameter, tetrahedrally divided. The mature cystocarps are urceolate (Fig. 3h ) situated on the sixth or seventh segment of the determinate branchlets (A slight difference from Wynne's observations, who noted procarps on Wynne (Fig. 5c exserta, cross section of main axis (r = rhizoids) (Scale = 100 pm); (e) Ophidodadus simpliusculus, detail of thallus with tetrasporangia (Scale = 500 ~m); (f) Peysonnelia cf. calcea, radial section {b = basal ceil layer, r = rhizoid) (Scale = 100 ~m}; (g) Plenosporium filicinum, thatlus apex with polysporangia (Scale = 500 ~m); (h} P. filidnum, carposporophyte (Scale = 100 ~m) structures were not mentioned; the Transkei material shows that spermatangia are formed on the cortical cells of rather extensive sections of the laterals and main axis.
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Ophidocladus simpliusculus (Crouan) Falkenberg: The material (Fig. 5e) (Fig. 6a) "Ptilothamnion polysporum ):
Recently described from Natal; the Transkei material contains only sporophytes with the characteristic sessile globose polysporangia.
"Rhodothamniella floridula (Dillw.) J. Peldmann
Rh o dym enia n a talensis Kylin Spyridia cupressina (Harvey) Ktitz. Tayloriella tenebrosa (Harvey) Kylin *Tiffaniefla cymodoceae Boergesen) Gordon (Fig. 6c) : Also mentioned from Natal (Norris & Aken, 1985) and the Cape (Stegenga, 1986) . The marine algae of Hluleka Figure 7 shows the distributions of those 128 species in the Hluleka flora for which records are considered adequate for analysis. The distributions of the species around 6 sites are presented, these being sites described by previous authors (Stephenson, 1939 , 1944 , 1948 : Brown & Jarman, 1978 Bolton, 1986 ) as significant in marine biogeographic studies in southern Africa. Although only 128 of the 178 species present have distributions well enough known to be of use, this figure compares very favourably with the 116 seaweed species distributions discussed by Stephenson (1944) for the entire coastline of the, then, Union of South Africa. A similar analysis was provided by Bolton (1986} for 205 of the 268 recorded west coast species. It tan be seen that the cold water component (i. e. those occurring west of Kommetjie but not east of Durban) comprises only 7 species (5.5 % of the flora}. Ubiquitous species, occurring throughout the area under consideration, total 9 (7 %). South coast species are here defined as occurring neither west of Kornmetjie nor east of Durban, and these number 29 (22.7 %). The remaining 83 species (64.8 % ) are warm water species, occurring in the sub-tropical and/or tropical waters east of Durban, and extending a greater or lesser distance along the south coast. A number of southern African warm water species (22 in this study} occur as far as the region immediately west of Cape Agulhas, as documented by Bolton (1986) . Figure 8 shows inshore seawater temperature data for the region under discussion, extracted from Bolton (1986}. 10 year annual means are shown, framed by mean temperatures in the warmest and coldest month over the same period. Sites 2 to 5 represent the warm temperate south coast, with annual means from 17.2 to 18.2 ~ and, generally, with a large range between maximum and minimum monthly means (extreme value -Still Bay -range of 7.4 ~ In the region east of the Kei river mouth, where Hluleka is situated, there is a rapid rise in the annual mean, from 17.8 ~ (East London) to 19.6 ~ (Port St. Johns), over a relatively short coastal distance. This rapid rise continues to site 7 (Southbroom, annual mean 20.9 ~ Durban (site 8) is in the region with a subtropical seaweed flora (annual mean 21.7 ~ and at site 9 (Zinkwasi) inshore temperatures are tropical as defined by Eckman (1953) , with means in the coldest month above 20 ~ DISCUSSION That the Hluleka region is ideally situated for an investigation of the warm temperate/sub-tropical transition can be seen both from Stephenson's studies of the marine provinces, and from the sea temperature data, showing a rapid change on this stretch of coast. Sea temperatures have not been measured in the Hluleka region, but Figure 8 would suggest that the site is centrally situated along the transition. The seaweed flora is, however, predominantly made up of species with warm water affinities [N. B. 71.9 % of the Hluleka species analysed occur in the sub-tropical to tropical region east of Durban, and many (54 species, 42 %) are recorded in the tropical floras of either Tanzania, (Jaasund, 1976) or Tropical West Africa (Lawson & John, 1982) ]. Comparing this data with the intertidal animal and plant distributions of Stephenson (1944) , the latter found that the most marked transition occurred on the ca 100 mile-long stretch of coast between Qolora (5 km from the Kei river mouth) and Port St. Johns. He found an extreme dominance of warm water over cold water species at Port St. Johns (127:17), but much less so at Qolora (85:47). These figures can be compared with our data (for seaweeds only) giving a ratio of 83:7 for the Hluleka region. This overwhelming predominance of species with warm water affinities at Hluleka would suggest that the transition from a warm temperate to sub-tropical seaweed flora is sharp, and occurs in the region between the Kei river mouth and Hluleka, a distance of only ca 130 kin. The close links between sea water temperature regimes and seaweed floras in southern Africa is well documented (Isaac, 1937 (Isaac, , 1938 Stephenson, 1948; Bolton, 1986) . The probable limiting factor for the eastward spread of cold water and "south coast species is thus the rapid changes in temperature regime along this short stretch of coast. The available temperature data indicates an almost 2 ~ rise in mean annual temperature in this region. More detailed local temperature data is, however, required before the precise limiting factors for the eastward spread of cold-water species in this region can be determined.
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